The ab initio calculations of the crystal structure and lattice dynamics of ferroborate crystal family RFe3(BO3)4 (R = Ce, Pm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu), S.G. R32, has been carried out within the framework of the MO LCAO approach by using density functional theory and effective 4f-in-core pseudopotential for rare earth element. The fully optimized geometry as well as vibrational frequencies has been calculated.
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Abstract. The ab initio calculations of the crystal structure and lattice dynamics of ferroborate crystal family RFe3(BO3)4 (R = Ce, Pm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu), S.G. R32, has been carried out within the framework of the MO LCAO approach by using density functional theory and effective 4f-in-core pseudopotential for rare earth element. The fully optimized geometry as well as vibrational frequencies has been calculated.
We calculated the crystal structure of RFe3(BO3)4 (S.G. R32), and afterward the phonon spectrum was calculated. The calculations were performed in the framework of the density functional theory by using hybrid functional B3LYP. The program CRYSTAL14 [1] intended for periodic calculations in the MO LCAO approach was used. ECP ("effective 4f-in-core pseudopotential") was used for the rare earth ions [2] . This approach has shown good results and the agreement with experiment for the crystals RFe3(BO3)4 (R = Pr, Nd, Sm) [3] . In this work we carried out similar calculations for the remaining ions of the rare earth row. The results of calculations of the crystal structure are given in Table 1 . Axis z is directed along C3 and x along C2. The crystal structure consist of a spiral chains of "octahedral" FeO6 placed around the trigonal C3 axis and straight chains of RO6 prisms strung on the trigonal axis. The structure contains two types of BO3 triangles also. One type is equilateral triangles BO3 strung on the trigonal axis between RO6 prisms; another type is isosceles triangles that are placed aside of the trigonal axis and connect chains RO6 and FeO6. The calculations predict that in the middle of the row (R=Dy, Ho) the isoscele triangle B2O3 becomes almost equilateral. The lattice parameters a and c decrease in the row La-Lu that corresponds to the lanthanide contraction. The distorted octahedron FeO6 in the end of the series (R=Lu) is closer to the ideal octahedron. A1   181  182  182  183  183  184  184  184  184  184  185  291  299  302  305  307  309  312  314  316  318  319  463  465  463  466  467  468  469  469  470  471  472  644  648  649  649  650  651  652  652  652  653  653  941  950  955  957  959  960  961  962  962  962  962  990  989  988  988  987  988  988  989  991  992  993  1202  1212 1219 1223 1227 1230 1234 1237 The frequencies of normal optical vibrations * = 7A1 + 12A2 + 19E are given in Table 2 . According to the calculations, by replacement of the rare earth ion, the lowest A2 mode has the most significant changes. In this mode, the translations of the rare earth ion [3] are the most significant. High-frequency phonons, which are caused by BO3 groups, react less along the Ce-Lu row. These are modes: A1 in range 640-1200, A2 in range 620-1270, E in range 570-1290 cm -1 . The degree of participation of the ions in the modes was analyzed in the previous study [3] . It should be noted that the using of ab initio approach allows us to describe the structure and lattice dynamics of RFe3(BO3)4 for the all R=Ce-Lu.
